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Summary
Hepatic venous outflow reconstruction is of critical significance in pediatric
patients undergoing living donor liver transplantation. Accurate knowledge of the
anatomical variations is important to obtain appropriate size segmental grafts.
The diameter of the hepatic veins and the potential risk of complications at the
level of the anastomosis require an adequate primary vascular reconstruction. We
describe a venous outflow reconstruction technique, in a living related left lateral
lobe graft, with unfavorable hepatic venous anatomy.
Introduction
Living donor liver transplantation (LDLT) in pediatric
patients may be technically challenging. The use of left
lateral lobe (LLL) demands a meticulous surgical
approach as optimal graft function is highly dependent
from adequate venous outflow [1]. LDLT grafts are rarely
rejected on anatomic findings, and certain surgical diffi-
culties can be overcome with novel techniques [2]. Ana-
tomical variations at this level should be evaluated
carefully during the donor hepatectomy as inadequate
outflow reconstruction could lead to severe graft dysfunc-
tion or loss. We present a case of LLL graft with a
complex left hepatic vein (LHV) anatomy and the recon-
struction technique used to achieve a wide orifice for a
single outflow anastomosis.
Surgical technique
A 7-year-old girl (blood group: A positive, weight: 22.2 kg,
height: 118 cm, BSA: 0.85 m2) with metastatic pancreato-
blastoma was referred to our department for liver trans-
plantation. The pediatric patient had been diagnosed with
pancreatoblastoma and multiple liver metastases 3 years
earlier. The patient received six cycles of chemotherapy
with excellent clinical response. The patient underwent
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staging laparotomy, a distal pancreatectomy and splenec-
tomy. As the metastatic disease was confined to the liver,
we offered the option of liver transplantation and LDLT
was offered as an option at the time of listing. The only
suitable live liver donor was the patient’s 35-year-old
mother (weight: 66.7 kg, height: 163 cm, BMI: 25.4, blood
group: O positive). The LLL (segments 2 and 3, graft
weight: 249 g) was an adequate graft providing a graft to
recipient weight ratio – (GRWR) > 1. Preoperative liver
imaging showed that the donor LLL was supplied by a sin-
gle left portal vein and single left hepatic artery. Regarding
the venous outflow, the most important feature was the
presence of four vein branches (one main LHV, one super-
ficial – LHV-S, and two accessories – LHV-A) converging
near the confluence of the LHV with the middle hepatic
vein (MHV) and inferior vena cava (IVC; Figs 1 and 2).
Due to its anatomical variant, the LHV was difficult to iso-
late and this was possible only after the parenchymal divi-
sion. The LHV was divided leaving a patch with two larger
and two smaller venous orifices which were identified on
the back table among multiple smaller venous orifices
(Figs 2 and 3a). The LHV cuff was not safe for direct anas-
tomosis, and a vein patch reconstruction using blood group
O fresh iliac vein graft from a deceased donor was com-
pleted. The vein was trimmed and a U-shaped patch was
fashioned (Fig 2). The side wall of the LHV was cut to
obtain a sufficient venous diameter (Fig 2). The long limbs
of the patch were approximated with running sutures at
the LHV edges so that could be act as a cuff at the accessory
vein orifices (Fig 3a). The venous orifices were stretched
with a mosquito clamp prior to ligation to avoid a “purse-
string” effect, and a small grow factor was left to allow fur-
ther expansion of the Prolene sutures. At the end of recon-
struction, a single wide outflow orifice was obtained
(Fig 3b). At the recipient, the graft was implanted using the
piggyback triangulation technique between the newly
reconstructed patch and the triangle-shaped hepatic veins
confluence of IVC (Fig 4).
Discussion
Living donor liver transplantation and reduced split size
grafts have expanded the donor pool for pediatric recipi-
ents. The use of short vascular pedicles and the relative ana-
tomical variations render the above techniques challenging
and demanding. Isolated venous outflow variations can be
managed safely with technical modifications [2]. However,
combined inflow and outflow anatomical anomalies can
preclude donation [2,3]. When the LLL graft is used, the
existence of several segmental veins emptying less than
1 cm from the IVC can add difficulty of vascular control
and create the need for intraparenchymal dissection in the
donor. In addition, a variant seen in 5–10% of cases, where
the segment III hepatic vein joins the MHV individually,
needs a different type of reconstruction than the all in one
technique [3–7].
The high incidence of venous outflow complications in
segmental grafts in pediatric LDLT may be attributed to a
small anastomotic orifice twisting during regeneration or
to stenosis of the suture line [8,9]. This leads to graft con-
gestion, causing parenchymal injury and portal hyperten-
sion. Although successful treatment with radiological stents
has been reported [10], failed management almost invari-
ably leads to re-transplantation. Different techniques of
reconstruction of hepatic vein tributaries [1,3,8,9,11,12], in
Figure 1 Magnetic resonance scan of the liver showing four left vein
branches (arrows) from segments 2 to 3 converging near the conflu-
ence of the left hepatic vein with middle hepatic vein and inferior vena
cava. At the right lower side, more cranial views have been added to
delineate the hepatic vein anatomy at the confluence.
Figure 2 Schematic view of the left lateral lobe graft and the hepatic
venous outflow. Two major vein branches [left hepatic vein (LHV) and
superficial left hepatic vein] and two accessories (accessory left hepatic
vein) converging at the cutline. In addition, several smaller orifices
(<5 mm) are present. Because of the small diameter of the LHV orifice,
a venoplasty was performed to maximize the caliber and to be able to
suture it directly to the inferior vena cava using the triangulation tech-
nique. On the right, a schematic view of the “U”-shaped venous graft.
A long vein graft was cut longitudinally and trimmed in to a “U”-
shaped patch.
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distinct variants in LLL venous anatomy [4–6], have been
described to avoid graft congestion. The surgical difficulty
in these anatomical variations depends on the cutting dis-
tance of the LLL veins from the MHV and IVC, from the
vessel diameter, and from the extraparenchymal length of
the LLL veins [3,5,7].
We described a case of LDLT, where separate large veins
form the LHV at the level of the IVC, a variant seen in 5–
14% of cases [3–6]. A long patch of a single orifice vein was
impossible to obtain without compromising the MHV, as
all tributaries were close to the cutting line. The U-shaped
reconstruction using a fresh vein graft from a deceased
donor was ideal for creating a satisfactory size anastomosis,
considering that venous outflow complications are often
the result of anastomotic kinking [9] and that precise posi-
tioning of the graft and orientation of the vessels in the
recipient operation are essential factors to maintain opti-
mal venous drainage [1,9].
Using this technique, we were able to include all the LLL
veins in one wide orifice and to obtain sufficient length for
an end to side anastomosis to the IVC. On the other hand,
the venoplasty applied at LHV orifice offered the advantage
of a wide ostium of this branch which could be directly
anastomosed to the IVC caudally with the triangulation
technique.
The concept of our approach was to achieve a short
direct anastomosis of the U graft with IVC minimizing the
possibility of twisting or kinking [10] and to avoid stenosis
of the suture line at the level of LHV as the original size of
the LHV orifice was not satisfactory. The hepatic vein
reconstruction using this technique could decrease the pos-
sibility of late outflow obstruction because of the short
length of the patch and the direct anastomosis of the wide
orifice of the LHV with the IVC.
In summary, LDLT is an established approach to expand
the donor pool for pediatric patients. Adequate outflow is a
critical factor for optimal graft function through the growth
of the child to adulthood. Knowledge of the hepatic vein
Figure 4 Schematic view of the orientation of the graft during the
implantation and the use of the reconstructed wide orifice to maximize
venous outflow. The newly reconstructed venous patch was trimmed to
fit the triangle-shaped hepatic veins confluence of the inferior vena




Figure 3 (a) The U-shaped vein patch fashioned. The venous orifices
were stretched with a mosquito clamp prior to ligation to avoid a
“purse-string” effect. The long limbs of the patch approximated with
running sutures at the left hepatic vein (LHV) side edges, to create a
wide vein flap sheet; this was sutured around the outflow channel of
the liver graft to act as a triangular vein patch. A small grow factor was
left to allow expansion of the Prolene sutures. (b) The “U”-shaped vein
patch acts as a cuff at the accessory vein orifices. The patch can help
vessel orientation and position of the graft in the cavity in the pediatric
recipient operation. At the end of reconstruction, a single wide outflow
orifice was obtained. The venoplasty at the side wall of the LHV
optimizes the caliber of the orifice. The venous patch can be refined to
adjust the size of the new orifice to the recipient inferior vena cava
diameter.
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anatomical variations, the use of a safe approach in both
donor and recipient operations, and the implementation of
different surgical techniques are essential to maintain a
good quality outflow. The application of our technique
offers a practical approach which takes into account
not only the early but also the possibility of late onset
complications of outflow obstruction due to changes in
graft volume and position associated with growth. This
may facilitate the decision to accept a live donor candidate
even in the presence of this kind of complex LLL venous
anatomy.
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